The number of apnoeic episodes and arterial oxygen desaturations were measured preoperatively and for sixty hours postoperatively in twenty ASA status 1-2 patients scheduled for elective gastrectomy. Monitoring included continuous pulse oximetry, respiratory inductive plethysmography and repeated arterial blood gas analysis. The number and magnitude of apnoeas and desaturation episodes were compared between two postoperative analgesic regimens of epidural morphine; intermittent bolus injection (Group B, n = 10), and patient controlled administration with continuous infusion (Group P, n = 10). Morphine dose, P a C02 and mean Sp02 values were similar between the two groups. Although the number of central apnoeas with Sp02 < 90% was greater in Group B, other episodes of apnoea or desaturation were similarly seen preoperatively. In the postoperative period, central apnoeas with spa; < 90% were significantly increased in Group B, while no change was seen in Group P. Apnoeas with 51'02 < 80% were only seen in Group B. We conclude from these results that postoperative apnoeas and episodic desaturations are greatly influenced by the different modes of opioid administration.
Arterial hypoxaemia is common as a constant or episodic phenomenon after major abdominal surgery. ,; Episodic hypoxaemia is frequently seen in the late postoperative period of patients receiving opioids for postoperative analgesia. Apnoeas (interval of respiratory arrest> 12 seconds) are also commonly seen in the postoperative period with opioid administration. Effects of opioid administration on respiration are often compared between intramuscular, intravenous or epidural routes. However, there are no reports comparing the effects of different administration modes of epidural opioids.
Patient controlled analgesia (PCA) for postoperative pain relief has been increasingly used in recent years. 6 . 7 Epidural PCA has been considered to offer the advantage of a smaller dose requirement than intravenous PCA. '.9 However, continuous assessment 'M.D., Staff Anaesthesiologist, Tochigi Cancer Centre Hospital. tM.D., Director of Anaesthesiology Department. Tochigi Cancer Centre Hospital. tM.D., Director of Intensive Care Unit, National Cancer Centre, Hospital East. §M.D., Professor of Anaesthesiology, School of Medicine, Chiba University. of respiration for more than 24 hours postoperatively while opioid analgesics are being administered by means of PCA, either IV or epidural, has not yet been reported. It is conceivable that the use of opioids for postoperative analgesia, depending on the mode of administration, may alter the occurrence of apnoeas and desaturations since different administration modes are expected to result in different pharmacokinetics. We hypothesised that PCA with continuous infusion may be associated with a smaller number of apnoeas and degree of desaturation than bolus injection. To test this hypothesis we compared the incidence of respiratory abnormalities and episodic desaturations after gastrectomy in patients receiving epidural morphine either by intermittent bolus injection or PCA with continuous infusion.
MATERIALS AND METHODS

Patient Selection
The protocol of the present study was approved by our institutional ethical committee. Twenty-two ASA 1 or 2 patients undergoing elective gastrectomy gave their informed consent to participate in the study. Patients were excluded if they were older than 65 years .·l!/(I(;'s(he.~i(j and Infemire Care, ~()1. 21, So. 3, june, 1993 or if they had any respiratory or cardiac problems. They were randomly allocated into one of two groups: one received intermittent bolus injection of epidural morphine (Group B), while the other received morphine by epidural infusion and PCA (Group P) for postoperative analgesia.
Preoperative Monitoring
Patients were monitored overnight prior to surgery from 9 pm to approximately 6 am. Continuous pulse oximetry was used throughout the night and all instances in which haemoglobin oxygen saturation (Sp02) was less than 90070 were noted. Continuous respiratory inductive plethysmography (RIP) was also used overnight for recording of apnoeas. The calibration of RIP was performed by the Qualitative Diagnostic Calibration method which is a singleposture calibration method based on equations of the isovolume manoeuvre. 10,11 If the patient showed severe hypoxaemia (Sp02 below 80070) during the preoperative monitoring period, he/she was excluded from the postoperative study. For both preoperative and postoperative monitoring, a physician observer was present continuously to exclude artifact. Arterial blood gas data were obtained in our routine preoperative examinations.
Anaesthesia
On arrival at the operating room, an epidural catheter was inserted into an interspace between T7 and T12. Anaesthesia was induced with sodium thiopentone (4-5 mg/kg IV) followed by succinylcholine (1-1.5 mg/ kg IV), and the patients were intubated for mechanical ventilation. Anaesthesia was maintained with 33070 oxygen in nitrous oxide and isoflurane (0-2070), and muscle paralysis was obtained with nondepolarising neuromuscular blocking agents. No opioid was given preoperatively or intraoperatively. At the completion of surgery, muscle relaxation was reversed with atropine and neostigmine and the trachea of each patient was extubated in the operating room. At this time, patients were given morphine 3 mg in normal saline 10 ml through the epidural catheter. Patients were then transferred to the ICV. Patients in Group B received bolus injections of morphine (2 mg in normal saline 10 ml) twice daily (approximately 8 am and 8 pm). Patients who did not have adequate analgesia received a supplemental dose of epidural morphine (1 mg in normal saline 5 ml). Group P patients who had been given explanations of the PCA system preoperatively had their continuous infusion started on arrival in the ICV. The dose of continuous infusion of morphine was set at 0.2 mg/hr. When pain relief was not adequate, Anaesthesia and Intensive Care, Vol, 21, Nu, 3, June, 1993 a supplemental dose of 0.3 mg was given "on demand", with a lock-out interval of 45 minutes. Care was taken to make sure that all patients were pain-free at rest, exhibiting only slight pain during coughing, and that they were able to follow our routine postoperative care.
Postoperative Monitoring
Upon arrival at the ICU, RIP and Sp02 monitoring were started and continued till the morning of the third postoperative day (total duration of 60 to 70 hours). Arterial blood gases were determined on arrival at the ICU (0 hour), followed by additional measurements at 6, 12, 24, 36, 48, 60 hours thereafter. Patients were not given supplemental oxygen during the monitoring period. Any patient who exhibited an Sp02 less than 90070 for more than 20 minutes was withdrawn from the study and given oxygen.
Data Analysis
Apnoeas from RIP recordings were divided into two types: central apnoeas, defined as a period of more than 12 seconds with no respiratory movements, and obstructive apnoeas, as characterised by a period of more than 12 seconds with paradoxical movement of the rib cage and abdomen. The average number of these apnoeas per hour and concomitant desaturation episodes (Sp02 < 90070) were counted. Sp02 below 80070 was defined as severe hypoxaemia. Data from continuous monitoring were analysed for daytime and night-time, as shown in Figure 1 .
Statistical analysis was performed by using Student's t-test, the Mann-Whitney U test, and the Wilcoxon signed rank test. The level of significance was chosen as P<0.05. 
RESULTS
Two patients, one with severe hypoxaemia associated with apnoeas in the preoperative period and another with an accidental pneumothorax, were excluded from the study. No patient was excluded on the criterion of having Sp02 values below 90070 for more than 20 minutes. Twenty patients therefore completed the study and were included in the analysis.
Demographic Characteristics
There was no significant difference between the two groups with respect to age, sex, weight, height, preoperative pulmonary function tests, duration of surgery, or total amount of morphine received (Table I) . Preoperative values of PaCOz and mean SpOz were similar in the two groups, and were within the normal range. The incidence of central apnoea and obstructive apnoea was also similar in the two groups (Table   2) , except for central apnoeas with Sp02 < 90070, which occurred significantly more often in Group B than Group P (0.15 ±0.2I vs 0) ( Figure 4 ).
Postoperative Data
Postoperative mean Sp02 values were significantly lower than the preoperative values except on the day of operation (opD) in Group B (Figure 2 ). However, PaC02 values showed essentially no change (Figure 3 ). No significant intergroup difference was seen with mean SpOz or PaCOz values at any time of the measurements. In contrast to the similarity of postoperative blood gas changes, the number of apnoeas and associated episodes of hypoxaemia differed between the two groups ( Figure 4) . The average number of central and obstructive apnoeas per hour showed a significant decrease on opD in both group patients. Thereafter the number of central apnoeas in Group B (9( patients showed a gradual increase and a significant increase in those with Sp02 < 90070 was seen on the first and second postoperative nights (NI and N2). However, no change was observed in Group P patients except for a significant decrease on the second postoperative day (D2) and N2. Significant intergroup difference was seen with number of central apnoeas and those with Sp02 < 90070 on D2 and NI, D2, N2, respectively. Obstructive apnoeas were depressed in the postoperative period in both groups of patients. However, the incidence of postoperative apnoeas or desaturations showed a wide range of variability among the patients. Three Group B patients had a significant increase in postoperative apnoeic episodes, while three patients showed no increase. Apnoeas, in those who showed an increase, were more often seen from the second postoperative night to the third postoperative night. However, in Group P, only one patient exhibited numerous apnoeas, mostly during the first night following the operation. In accordance with the increase in the number of apnoeas, an increase in desaturation episodes was seen. Three patients in Group B exhibited a total of 12 episodic desaturations to values lower than 80070, whereas no patient in Group P had values lower than 80070.
DISCUSSION
The present study showed that I. in postoperative patients with epidural morphine analgesia, regardless of the administration mode, a significant decrease in mean S p 02 is observed; 2. PCA epidural morphine with continuous infusion is associated with less frequent apnoea, a lower incidence of episodic desaturations and less severe desaturations compared to epidural intermittent bolus administration.
The finding that the vast majority of patients in the bolus injection group had episodes of apnoea and desaturation which increased in the late postoperative period is in agreement with the results of previous studies .•. ' Rosenberg et ai' have shown episodic desaturations to occur in the late postoperative period (days 1-3 after operation), suggesting its relation to Anaes(he.~i(1 (llId Intensive Care, ~'()I. 2/, So. 3, June, 1993 postoperative cardiac or cerebral dysfunctions. By contrast, only one patient in the PCA group showed an increase in number of apnoeas and desaturation episodes, which were seen on the night of the operation. Severe desaturations to levels below 80070 were observed in three patients of the bolus injection group, while none was seen in the PCA group. In this connection, Brose et al and Wheatley et al have reported that PCA (IV) is associated with less severe hypoxaemia compared with IM or epidural bolus injection. 11.14 This difference in severity of apnoeas or desaturations seen between the groups may be explained by the different pharmacokinetics of the drug with different modes of administration. Low-dose epidural infusion of morphine is known to keep the concentration of morphine near the respiratory centre at a low constant level compared with high-volume bolus epidural morphine 15 and is known to be associated with minimal side-effects. "to For the four patients who had numerous apnoeas and desaturation episodes, we found no correlation with any of the preoperative data or with duration of surgery. Preoperative pulmonary function tests or number of apnoeas and desaturations observed preoperatively did not predict the increase of postoperative apnoeas and desaturations. Although patients in the bolus injection group showed more episodes of central apnoeas with Sp02 < 90070 preoperatively, they were not the same patients who had numerous apnoeas postoperatively. As the mode of opioid administration showed different effects on respiration, morphine may also be responsible for these individual differences.
If opioid administration is indeed a contributing factor to the ventilatory disturbances and hypoxaemias, the total dose administered or the time of administration may be of importance. One patient in Group P had apnoeas and desaturation episodes on the night of the operation corresponding to the selfadministration of several bolus doses of morphine. Respiratory rates frequently dropped below lO/minute, with frequent apnoeas and PC02 levels above 50mmHg suggesting morphine overdo sage. She complained of slight pain when asked, and pressed the demand button in the hope of complete pain relief. With the decreased rate of self-administration in the later postoperative period, the number of apnoeas and episodes of desaturation also decreased.
In other patients, however, no correlation was found between morphine dose and the occurrence of apnoeas or desaturations. Three patients in Group B with significant increase of apnoeas and desaturation episodes received 16, 15 and 12 mg of morphine respectively, which was no more than the average total dose. In addition, we could not find any correlation between the time of injection and the occurrence of apnoeas. Though we could not find any correlation between the patient characteristics and the occurrence of apnoeas, the four patients with significant increase of apnoeas and desaturation episodes were all females who were slightly smaller than the others. The differences in weight or height may have caused a difference in the concentration of CSF morphine responsible for the ventilatory disturbances. Sex difference or an individual difference of the sensitivity to morphine may also be suggested as males are known to require more morphine than females to achieve a similar level of pain relief. I.
As apnoeas or episodic desaturations are known to occur during sleep, I we separately analysed our results obtained during daytime and night-time. However, no greater tendency of apnoeas to occur at night was seen. This is probably due to the fact that postoperative patients sleep throughout the day. Anaesthesia for upper abdominal surgery is known to disturb nocturnal sleep, eliminating REM sleep. Morphine is also known to abolish REM sleep and change the sleeping patterns. 17 Limitations in our study design include the lack of a double-blind protocol design and the lack of pain scores or sedative scores. As PCA with continuous infusion mode requires a PCA pump, while bolus administration mode needs only a physician to visit, it was impossible to perform a double-blind protocol. To ask for a pain score or sedative score at a predetermined time requires the awakening of patients from sleep and this was not accepted by our ethical committee. Though we have not shown a numerical score, we took special care to make sure that all patients were pain-free at rest and were able to follow our routine postoperative care. All the patients reported after the study that their analgesia was acceptable and that they were satisfied.
The results of our study showed large individual variability, for which we could not find any significant correlating factors. Preoperative sleep apnoea is reported to be a contraindication for patient-controlled analgesia. 18 Future investigations are required to determine if there are any predicting factors for postoperative respiratory disturbances.
In this study, PCA with continuous infusion of epidural morphine seemed to be a safer method to use for postoperative analgesia compared with intermittent bolus injection with respect to respiratory side-effects. But as was seen in one patient, selfadministration, even with so-called safeguards, may lead to an excessive dose resulting in increased apnoeas and desaturations. As prediction of these respiratory disturbances is not yet possible, administration of oxygen as well as continuous monitoring of ventilation into the late postoperative period is mandatory. Pulse oximetry or respiratory inductive plethysmography are safe and convenient for this use.
In conclusion, opioid administration contributes significantly to ventilatory disturbances and episodic desaturations in the postoperative period. Continuous epidural infusion of morphine with small-dose supplementation appears to cause less frequent and less severe apnoea and desaturation episodes compared with intermittent epidural injection.
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